Observational studies relating 25-hydroxyvitamin D (25(OH)D) and pregnancy outcomes have reported conflicting results. The aim was to assess maternal 25(OH)D status and its association with pregnancy outcomes. A prospective observational study was carried out in Guangzhou city (23 ºN), China. SUBJECTS/METHODS: Pregnant women (n = 2960) and healthy controls (n = 100) were recruited at a teaching hospital. Maternal 25(OH)D levels were measured at 16-20-week gestation. The pregnant women, if met inclusion and exclusion criteria, were enrolled in further analysis for pregnancy outcomes (n = 1953). RESULTS: Mean serum 25(OH)D in pregnant women was 27.03 ± 7.92 ng/ml. In total, 18.9 and 48.6% of pregnant women had low (25(OH)D less than or equal to 20 ng/ml) and medium level (25(OH)D 21-29 ng/ml) of vitamin D, respectively. 25(OH)D was highest in summer and lowest in winter, which showed a positive correlation with temperature (R = 0.942) and calcium (R = 0.074). Most maternal outcomes (premature rupture of membranes break, polyhydramnios, oligohydramnios, pre-eclampsia, cesarean section), fetal outcomes (spontaneous abortions, medically induced labor, fetal death, fetal distress, fetal growth restriction) and neonatal outcomes (malformations, birth weight and height, low birth weight, macrosomia, small-for-gestational age, score of Apgar 1′,5′, asphyxia of newborn) were not significantly different between groups, but prevalence of gestational diabetes (adjusted odds ratio (OR) 1.017; 95% confidence interval (CI) 1.002-1.033) and preterm delivery (adjusted OR 1.038; 95% CI 1.018-1.059) in high level group (25(OH)D ⩾ 30 ng/ml) was higher than that in low and medium level groups. CONCLUSIONS: The prevalence of low level of vitamin D (serum 25OHD ⩽ 20 ng/ml) was 18.9% among pregnant women in southern China. There were no significant differences in most adverse pregnancy outcomes among pregnant women with different levels of vitamin D at 16-20-week gestation except for higher prevalence of gestational diabetes and preterm delivery in women with high level of vitamin D, possibly related to the older age and higher body mass index of this group.
INTRODUCTION
The consequences of maternal, fetal and neonatal complications, including death and disabilities, make up the largest burden of diseases affecting women in developing countries. An estimated 9-10% of pregnant women (about 14 million) per year suffer from acute maternal complications worldwide. 1, 2 Vitamin D deficiency in pregnant women [3] [4] [5] is a great concern for pregnancy outcomes. Numerous potential associations have been reported between various pregnancy outcomes and single measurement of serum 25-hydroxyvitamin D (25(OH)D). 25(OH)D is the major storage form of vitamin D in the human, so it can be measured in blood to determine the overall vitamin D status. 6, 7 Some studies suggest that low 25(OH)D predicts increased risk of gestational diabetes, 8 pre-eclampsia, 9 threatened preterm birth, 10 cesarean section 11 and low birth weight, 12 although other studies found no significant associations with these outcomes. [13] [14] [15] [16] [17] As a recent review of vitamin D and pregnancy outcomes concluded, the quality of evidence was low. 18 To date, no consensus exists regarding optimal vitamin D level in pregnancy. The objective of this present large prospective observational study was to assess maternal vitamin D status in Chinese pregnant women and its association with pregnancy outcomes, and thus provide evidence for clinical recommendations regarding vitamin D supplementation and potential screening in the care of pregnancy.
MATERIALS AND METHODS

Study population
In the present study, participants were recruited in Guangzhou city (located 23.1ºN) between September 2010 and August 2011, which followed up to 2012. All pregnant women during this period visiting our hospital were invited to take part. The response rate was 96.1% (n = 2960). One hundred non-pregnant healthy women matched by age were randomly selected from February to March 2012 to establish a reference range of vitamin D status for healthy women living in the area, as there is no general consensus on the optimal 25OHD level for pregnant women. The use of vitamin D and calcium supplements were recorded. The pregnant women, if met inclusion and exclusion criteria, were enrolled in further analysis for pregnancy outcomes (n = 1953). They were evaluated and data were recorded at antenatal cares (clinical characteristics were recorded at first antenatal care) and after delivery. Written informed consent and approval were obtained from all subjects and the institutional ethical committee (Figure 1 ).
Criteria for patient eligibility
Inclusion criteria: a, age ⩾ 18 years; b, delivery (including the normal delivery, abortion, induced labor) in our hospital. 
Categorization
Based on the 25OHD level, we categorize the pregnant women into three groups: (1) group A (low level) (⩽20 ng/ml), (2) group B (medium level) (21-29 ng/ml) and (3) group C (high level) (⩾30 ng/ml), according to reference values for an adult population. 19, 20 Definition of seasons and temperature
Seasons of sample collection were defined as winter (December, January, February), spring (March, April, May), summer (June, July, August) and fall (September, October, November). Data of temperature were obtained from the Meteorological Bureau of Guangdong province.
Measurement
Maternal blood was collected in the non-fasting condition at 16-20-week gestation. Serum were stored at − 70°C until they were analyzed for 25(OH)D. Serum 25(OH)D was assayed by using electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany). The assay correlated well with liquid chromatography-tandem mass spectrometry and high-performance liquid chromatography. 21 The elecsys assay recognized only 25(OH) D. The assay has a sensitivity of 4 ng/ml, an intraand inter-assay coefficient of variation of 6.6% and 5.4%, respectively. None of the values were below the lower limit of detection. Serum total calcium, albumin and inorganic phosphorus were analyzed spectrophotometrically (Sigma Diagnostics, St Louis, MO, USA).
Pregnancy outcomes
The following pregnancy outcomes were recorded.
(1) Maternal outcomes: premature rupture of membranes break (when the membranes that hold the amniotic fluid break too early), gestational diabetes (all women undergo a 75-g oral glucose tolerance test at 24-28 weeks of gestation, the diagnosis of gestational diabetes is made when any of the following plasma glucose values are exceeded: fasting: ⩾ 92 mg/dl,1 h: ⩾ 180 mg/dl, 2 h: ⩾ 153 mg/dl), polyhydramnios (a state where liquor amnii exceeds 2000 ml), oligohydramnios (a state where liquor amnii less than 300 ml in the third trimester of pregnancy), pre-eclampsia (pre-eclampsia is defined as high blood pressure and excess protein in the urine after 20 weeks of pregnancy in a woman who previously had normal blood pressure), cesarean section, preterm delivery (a live birth before 37 completed weeks of gestation). (2) Fetal outcomes: spontaneous abortion (fetal loss after enrollment but before 20 completed weeks of gestation), medically induced labor (termination of pregnancy because of serious maternal or fetal risks), fetal death (intrauterine fetal demise after 20 completed weeks of gestation), fetal distress (defined as depletion of oxygen and accumulation of carbon dioxide, leading to a state of 'hypoxia and acidosis' during intra-uterine life. Baseline fetal heart rate o 110 bpm, sustained >5 min; late deceleration without variability; fetal heart rate 110-160 bpm without variability and accelerations), fetal growth restriction (deviation in expected fetal growth pattern (10th percentile), measuring height of the upper portion of the uterus and evaluate the growth of the baby by ultrasound). (3) Neonatal outcomes: malformations (including nervous system, circulatory system, digestive system, reproductive system, urinary system, musculoskeletal, chromosome disorder and others), birth weight and height, low birth weight (o2500 g), macrosomia (>4000 g), small-forgestational-age (weight o10th percentile or 2SD at birth), score of Apgar 1′,5′, asphyxia of newborn (a failure to start regular respiration within a minute of birth).
Statistical analysis SPSS software (version 17.0; SPSS, Chicago, IL, USA) was used for all statistical calculations. Values are presented as means ± s.d. or mean (95% confidence interval (CI)) for variables with normal distribution. Comparisons of normally distributed value among more than two groups were performed with analysis of variance (one-way analysis of variance test). Proportion was compared by using the χ 2 test. Correlations were studied by using Pearson's correlation coefficient. Logistic regression analysis was used to assess the associations between different levels of vitamin D and pregnancy outcomes after adjusting for relevant confounding factors (maternal age, systolic/diastolic pressure, prepregnancy body mass index (BMI) and serum calcium). A P-value of 0.05 defined statistical significance.
RESULTS
Of 3080 pregnant womsen visited the hospital, 96.1% (n = 2960) took part in; furthermore, 63.4% (n = 1953) met inclusion criteria and were enrolled in further analysis for pregnancy outcomes.
Characteristics of pregnant women At baseline, pregnant women in high level group were significantly older than the women in low and medium level groups (mean age, 30.3 ± 3.9 years vs 29.2 ± 3.5 years and 29.5 ± 3.6 years; P o0.01) and had a marginally higher prepregnancy BMI (mean, 20.67 ± 2.64 vs 20.28 ± 2.52 and 20.24 ± 2.51 kg/m 2 , respectively; P = 0.05). Systolic and diastolic pressure and percentage of regular vitamin D supplementation were not significantly different among the three groups (Table 1) .
Vitamin D status in pregnant women Mean serum 25(OH)D in all pregnant women was 27.03 ± 7.92 ng/ml (n = 2960). 25(OH)D in low, medium and high level groups were 16.59 ± 2.6, 24.87 ± 2.79 and 35.88 ± 5.2 ng/ml, respectively (Table 1 ). In total, 18.9% (n = 559) and 48.6% (n = 1438) of pregnant women had low level and medium level of vitamin D, respectively. There were only 16 (0.54%) pregnant women who had a 25(OH)D over 50 ng/ml. Non-pregnant healthy women (n = 100) matched by age (29.50 ± 3.94 vs 29.43 ± 2.92, P = 0.895) had a lower level of 25(OH)D (18.22 vs 27.03 ng/ml, (Table 2) Association of vitamin D status and pregnancy outcomes Most maternal outcomes (premature rupture of membranes break, polyhydramnios, oligohydramnios, pre-eclampsia, cesarean section) were not significantly different between the three groups. There were also no significant differences in fetal (spontaneous abortions, medically induced labor, fetal death, fetal distress, fetal growth restriction) and neonatal outcomes (malformations, birth weight and height, low birth weight, macrosomia, small-forgestational age, score of Apgar 1′,5′, asphyxia of newborn) between groups. Prevalence of gestational diabetes and preterm delivery in high level group (20.25% and 10.53%) was higher than that in low (12.97% and 6.04%) and medium level group (16.28% and 7.62%) ( Table 3 ). Significant associations were also found between vitamin D status and gestational diabetes and preterm delivery (adjusted odds ratio (OR) 1.017, 1.039, respectively) ( Table 4 ). However, there was no significant association between other pregnancy outcomes with different levels of vitamin D at 16-20-week gestation (Table 4) .
DISCUSSION
In this large single center prospective observational study, unexpected high prevalence of low level of vitamin D was demonstrated in pregnant women at 16-20-week gestation who are living in a tropical region with abundant sunshine and regular 7ºN) found that 69% and 57.1% of pregnant women had vitamin D deficiency with mean levels of 17.57 ± 11.44 ng/ml and 14.38 ± 7.88 ng/ml, respectively. Our present study demonstrated high prevalence of low (18.9%) level of vitamin D in Chinese pregnant women living in Guangzhou, although it is lower than that in Shanghai and Chengdu. Our data showed that pregnant women living in Guangzhou (located 23.1ºN) had higher mean serum 25(OH)D level (27.03 ± 7.92 ng/ml) than those living in Shanghai and Chengdu, two cities locating at higher latitude. Higher latitude might relate to less vitamin D production in the skin. Regular use of prenatal vitamin D (over 70%) in our study population might be another contributor to higher vitamin D level in pregnant women living in Guangzhou.
Seasonal variation in 25(OH)D status was observed in American, 4 Australian (22) 24 and Indian 25 pregnant women. Similar observation was found in our study which showed a strong positive correlation between serum 25(OH)D level and the average temperature of the month. Highest maternal serum 25(OH)D level in summer and lowest in winter was evidenced in this study.
Despite growing interest in the relationships between vitamin D status during pregnancy and maternal and neonatal outcomes, the results of previous reports are inconsistent. Most recently, a systematic review suggested protective effects of vitamin D supplementation on low birth weight (risk ratio = 0.40 (95% CI 0.23, 0.71)) and non-significant but suggestive effects of daily supplementation on small-for-gestational age (risk ratio = 0.67 (0.40, 1.11)), 18 while another meta-analysis performed by Rabi DM 26 found insufficient serum levels of 25-OHD were associated with gestational diabetes (pooled OR 1.49, 95% CI 1.18-1.89), preeclampsia (1.79, 1.25-2.58) and small-for-gestational age infants. In our present study, there were no significant differences in most adverse pregnancy outcomes among pregnant women with different levels of vitamin D at 16-20-week gestation. To our surprise, our study showed that prevalence of gestational diabetes (adjusted OR 1.017; 95% CI 1.001-1.033) and preterm delivery (adjusted OR 1.039; 95% CI 1.018-1.060) in high level group was higher than that in low and medium level groups. In experimental studies, vitamin D is thought to have both direct (through activation of vitamin D receptor ) and indirect (via regulation of calcium homeostasis) effects on various mechanisms related to the pathophysiology of diabetes including pancreatic β-cell dysfunction, impaired insulin action and systemic inflammation. 27 In our study, pregnant women in high level group were older and had slightly higher prepregnant BMI than those in low and medium level groups. Older age and higher BMI are traditional risk factors for gestational diabetes and might contribute to higher prevalence of gestational diabetes in pregnant women with high level of vitamin D in our findings. Other risk factors such as smoking, alcohol, gestational weight gain, socio-economic status may also contribute. Future well-designed randomized clinical trials are required to elucidate whether vitamin D supplementation might interfere with glucose metabolism in pregnancy. Until now, there are limited observational data available on the relationship of vitamin D and preterm delivery. In an observational study, gestation length was 0.7 week shorter in infants of 27 mothers with low 25(OH)D (o 28 nmol/l) at 28-32 week vs babies whose mothers had higher concentrations. 28 In another nested case-control study with women with prior spontaneous preterm birth, serum 25(OH)D concentration was not associated with preterm birth. 13 More intervention and observational studies are needed to assess the potential for vitamin D to influence the risk of preterm delivery.
Our study was limited by lack of data on sunlight exposure, dietary vitamin D intake, measurement of 25(OH)D from cord blood and infants in late pregnancy and those who were not delivered in our hospital. Low prevalence of some pregnancy 29, 30 A long follow-up study is imperative to confirm this observation, and observe long-term effects of vitamin D on women and infants.
Our study is a large prospective observational study evaluating vitamin D level and its association with pregnancy outcomes, with a sample size of 1953 pregnant participants. Many pregnancy outcomes were evaluated in our study, such as premature rupture of membranes break, fetal growth restriction, malformations, macrosomia and asphyxia of newborn, have not been reported previously. New evidence concerning the association between vitamin D level and pregnancy outcomes was demonstrated in our study.
This large prospective observational study showed a high prevalence of low level of vitamin D among pregnant women in southern China who are thought to have sufficient exposure to ultraviolet B radiation and who are on regular use of prenatal vitamin D supplement. There were no significant differences in most adverse pregnancy outcomes among pregnant women with different levels of vitamin D at 16-20-week gestation except for higher prevalence of gestational diabetes and preterm delivery in women with high level of vitamin D, possibly related to the older age and higher BMI of this group. More well-designed randomized prospective clinical trials of vitamin D supplement during pregnancy are needed to evaluate the potential role of vitamin D to prevent adverse outcomes.
